PseudomonasJluorescens grown on glucose or glutamate at I or 20 "C, or on acetate at 2 0 "C, as sole carbon sources, contained both pyruvate carboxylase and phosphoenolpyruvate carboxylase. Pyruvate carboxylase was insensitive to acetylcoenzyme A and L-aspartate, and its level in cell-free extracts was markedly dependent on the carbon source for growth, the highest specific activity being attained in glucose-grown cells. Phosphoenolpyruvate carboxylase, on the other hand, although less dependent on the nature of the carbon source, showed its highest level in acetate-grown cells; the enzyme activity required acetyl-coenzyme A and was strongly inhibited by L-aspartate. The micro-organism had, in addition, a phosphoenolpyruvate carboxykinase, which showed its highest specific activity in cells grown on acetate, and a NADP-linked malate enzyme, apparently repressed by acetate and showing its highest specific activity in glutamate-grown cells.
I N T R O D U C T I O N
The anaplerotic synthesis of oxaloacetate from three-carbon precursors (Kornberg, I 966) is usually accomplished in bacteria through the action of one of the two C0,-fixing enzymes, the biotin-dependent pyruvate carboxylase (EC. 6 . 4 . I . I), which catalyses reaction I :
(1)
Me2+ Me+
Pyruvate + ATP + HCO; A oxaloacetate + ADP + P, 
Me2+
Phosphoenolpyruvate + ADP + HCO; oxaloacetate + ATP Since both pyruvate and phosphoenolpyruvate carboxylases are supposed to fulfil the same function in cell metabolism (Kornberg, 1966) , it was thought that they were not likely to be simultaneously present in the same cell. However, both carboxylases are present in Pseudomonas citronellolis and Azotobacter vinelandii (Scrutton & Taylor, I 974) .
This paper describes the factors that regulate the levels and activity'of these carboxylases in Pseudomonas Jluorescens.
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E T H 0 D S
Organism. Pseudomonas Jiuorescens, strain ~1 2 , was isolated from water of the Parani River at Rosario, Argentina, and characterized according to Stanier, Palleroni & Doudoroff (1966) by 0. Forchetti, Silvia Milrad de Forchetti, Angdica Gonzalez and J. L. Parada, from the Departamento de Microbiologia, Facultad de Ciencias Bioquimicas, Rosario.
Culture. PseudomorzasJiuorescens was grown in 500 ml batches at I "C, in the cold room, with occasional shaking, or at 20 "C in a water bath; in the latter case the cultures were shaken and aerated by forcing air through the medium with the aid of a vacuum pump. The culture medium was that described by Sundaram, Cazzulo & Kornberg (1969) , with the addition of 0-1 ,ug D-biotin/ml, and glucose, glutamate or acetate as sole carbon source ( I yo, w/v). Growth was followed as the increase in extinction at 680 nm, determined in a Bausch & Lomb Spectronic 20 spectiophotometer. The cells grown on glucose or glutamate at 20 "C were harvested after 20 h, when the &, do reached about 1.4 (beginning of the stationary phase); those grown on the same carbon sources at 1 "C, or on acetate at 20 "C, were harvested at values of about 0.3, after growth for 10 days or 3 days, respectively.
Preparation of cell-free extracts. The cultures were harvested by centrifuging at 6500 g for 20 min at 4 "C. The cells were washed with 0.05 M-tris-HCI buffer pH 7.6 containing I mM-disodium EDTA, 10 mM-MgC1, and 50 mM-KCI, and kept frozen overnight. The cells were suspended in the same buffer and disrupted by ultrasonic oscillation as previously described (Vidal & Cazzulo, 1972~) . The homogenate was centrifuged at 37000 g for 20 min at 4 "C. The supernatant (cell-free extract) was dialysed for 2 h against 100 vol. of tris-HCI buffer pH 7.6 containing I mM-EDTA, at I "C.
Ammoniurn sulphate fractionation. A crude extract obtained from cells grown on glutamate at 20 "C (4.2 ml) was brought to 37 yo saturation with saturated ammonium sulphate solution (adjusted to pH 7 with NH,OH), with stirring, at o "C. The suspension was centrifuged at 37ooog for 20 min at 4 "C. The precipitate was dissolved in I ml of tris--HCl buffer (pH 7-6 containing I mM-EDTA, and dialysed for 2 h against 100 vol. of the same buffer solution at I "C. The supernatant was successively brought to 42.0, 46.6, 50.6, 54-3 and 75.0 76 saturation with saturated ammonium sulphate solution, and the precipitates obtained were processed as described for the 37 yo saturation fraction.
Assay methods. Protein was determined by the method of Lowry et al. ( I 95 I ) with bovine serum albumin as the standard.
The standard reaction mixture for the assay of pyruvate carboxylase contained (in pmol) in a final volume of 0.4 ml: tris-HC1 buffer pH 9.0, 20; sodium pyruvate, 2; ATP, 0.5; MgC12, 2 ; NaH1"C03, (0.9 pCJ, I .8 ; NADH, 0.33 ; pig heart malate dehydrogenase (EC. I . I . I . 37), 0.5 i.u. ; and 0.01 to 0.06 ml of enzyme preparation. The standard reaction mixture for phosphoenolpyruvate carboxylase was similar, except that potassium phosphoenolpyruvate (I pmol) was substituted for pyruvate and ATP, and acetyl-coenzyme A (acetyl-CoA) (0.05 pmol) was added. The reactions were started by the addition of the enzyme and stopped after 15 min incubation at 30 "C by the addition of 1 -2 ml of absolute ethanol. The samples were processed and counted, and the enzyme activities expressed, as previously described (Vidal & Cazzulo, I 972a) .
Phosphoenolpyruvate carboxykinase was assayed at 30 "C by measuring the rate of exchange of radioactivity (from NaH14C03) into oxaloacetate, as previously described (Vidal & Cazzulo, I 9 7 2~) .
NADP-linked malate enzyme (EC. I . I . I .40) was assayed spectrophotometrically as CO,--xing enzymes in Ps. jhorescens I .40) were obtained from Sigma. Oxaloacetic acid and pig heart citrate synthase (EC. 4. I .3.7) were purchased from Boehringer, Mannheim, Germany, and sodium pyruvate from Merck. NaH14C0, was obtained from the Comision Nacional de Energia Atomica de la Republica Argentina. Acetyl-CoA was prepared from coenzyme A with acetic anhydride (Stadtman, I 957) and assayed with DTNB, oxaloacetate in excess and citrate synthase. All other chemicals used were analytical reagents of the highest purity available.
R E S U L T S
Preliminary experiments suggested the simultaneous presence of pyruvate carboxylase and phosphoenolpyruvate carboxylase in cell-free extracts of Ps. ufluore.scens. Table I shows the requirements of the pyruvate carboxylase, which was insensitive to acetyl-CoA and L-aspartate, and inhibited by avidin. The activation by monovalent cation (Milrad de Forchetti & Cazzulo, I 976) was not observed under these experimental conditions, since the reaction mixtures contained 7 mM-NHf added with the malate dehydrogenase. The results shown in Table I were obtained with a crude extract from cells grown on glucose at 20 "C; similar results were obtained with cells grown on glucose at I "C, except that the enzyme activity assayed in the complete reaction mixture was somewhat lower (26.4 nmol 14C0, incorporated/min/mg protein).
The enzyme determined under the assay conditions for phosphoenolpyruvate carboxylase was identified as such because of its strict requirement of phosphoenolpyruvate and a divalent cation for activity, and the lack of effect of avidin. There was an increase in 14C0, fixation into oxaloacetate upon addition of ADP to the complete reaction mixture, reflecting the probable presence of phosphoenolpyruvate carboxykinase (see below). This does not imply, however, that the enzyme assayed as phosphoenolpyruvate carboxylase was phospho- enolpyruvate carboxykinase using traces of ADP which might still be present in the dialysed cell-free extract. In fact, the phosphoenolpyruvate carboxylase activity was only slightly reduced when a great excess of pyruvate kinase, sufficient to convert all the ADP possibly present into ATP, was added (in the presence of 25 mM-KCl and 5 rn~-MgCl,). Moreover, as shown in Fig. I , the C 0 2 fixation into oxaloacetate depended on the presence of acetylCoA and was strongly inhibited by L-aspartate; this was shown to occur in crude extracts obtained from cells grown on acetate at 20 "C or on glutamate at I "C. The curve for the activation by acetyl-CoA was sigmoidal, suggesting that the activation may be allosteric. Pyruvate carboxylase and phosphoenolpyruvate carboxylase could be partially separated by ammonium sulphate fractionation ( Table 2 ) . The activity of phosphoenolpyruvate carboxylase was somewhat decreased in the samples preincubated with avidin (25 min at 20 "C); this was probably due to the lability of the latter enzyme, which lost 90% of its activity when kept under conditions (4 days at 8 "C, in tris-HC1 buffer pH 7.6, containing I mM-EDTA) in which pyruvate carboxylase was stable. Table 3 shows that the levels of the two carboxylases, and those of phosphoenolpyrwvate carboxykinase and malate enzyme, depended on the nature of the carbon source for growth. Cell-free extract from cells grown on glutamate at 20 "C was fractionated with ammonium sulphate as described in Methods. The enzyme activities were assayed with 0.02 ml of enzyme preparation, in the standard reaction mixtures described. Preincubation with avidin was at 20 "C. Cultures were grown at 20 "C, cell-free extracts obtained, and the enzyme activities determined as described in Methods. Phosphoenolpyruvate carboxylase was assayed in samples preincubated with avidin as described in the legend to 
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The highest level of pyruvate carboxylase was found in glucose-grown cells, and that of phosphoenolpyruvate carboxylase in acetate-grown cells. The levels of both carboxylases in cells grown on glutamate at 20 "C were similar when the cells were harvested either in the exponential phase or at the beginning of the stationary phase of growth; similar results were obtained with glucose as carbon source.
DISCUSSION
Pyruvate carboxylase and phosphoenolpyruvate carboxylase were present simultaneously in Ps. jluorescens, as has been previously reported for Ps. citronellolis and A . vinelandii (Scrutton & Taylor, 1974) . The possibility that only one carboxylase was present in Ps. jluorescens, and the other belonged to a contaminant, was ruled out since similar levels of the two enzymes were found after repeated purification of the strain, with cultures arising from different single colonies. Moreover, similar results were obtained when the microorganisms were grown on glucose or glutamate at 20 or I "C.
As with A . vinelandii (Scrutton & Taylor, 1974) the two carboxylases showed different regulatory properties. Pyruvate carboxylase was insensitive to acetyl-CoA and L-aspartate, but its levels were considerably affected by the nature of the carbon source used for growth.
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Phosphoenolpyruvate carboxylase, on the other hand, showed little change in its levels with the variation in the carbon source; its activity, however, was affected by acetyl-CoA and L-aspartate, as has been reported for phosphoenolpyruvate carboxylases from other microbial sources (Cinovas & Kornberg, 1966; Maeba & Sanwal, 1965; Cazzulo, 1 9 7 2~) . These regulatory differences suggest that the two carboxylases might have different functions in the living cell. The highest pyruvate carboxylase activity was found in Ps.puurt.scens cells grown on glucose or pyruvate (not shown), namely under the growth conditions where the anaplerotic reaction is essential (Kornberg, I 966) . Phosphoenolpyruvate carboxylase, on the other hand, showed its highest activity in acetate-grown cells, where the anaplerotic C0,-fixation is supposed not to be required, and the glyoxylate cycle (Kornberg, 1966) is induced (unpublished results). These facts might suggest that the anaplerotic role was fulfilled by pyruvate carboxylase. However, phosphoenolpyruvate carboxylase was the enzyme showing the acetyl-CoA activation generally associated with the anaplerotic function.
Phosphoenolpyruvate carboxykinase showed a considerably higher level in acetate-grown cells than in glucose-grown cells, in good agreement with its gluconeogenic role (Sanwal, 1970) . Malate enzyme, on the other hand, showed its lowest value in acetate-grown cells, suggesting that the enzyme might be repressed by acetate, as demonstrated for the malate enzyme from Ps. putidu (Jacobson, Bartholomaus & Gunsalus, 1966) . This work was supported by grants from the Consejo Nacional de Tnvestigaciones Cientificas y T6cnicas de la Republica Argentina and the Consejo de lnvestigaciones de la Universidad Nacional de Rosario (Argentina). A.I.H. is a member of the Carrera del Investigador of the latter institution. S.R.M.F. is the recipient of a scholarship, and J.J.C. a member of the Carrera del Investigador Cientifico, of the former institution.
